Chemical analysis of the stem bark of Cylicodiscus gabunensis (Mimosaceae) yielded, in addition to the known eryhrodiol (4) and sojagol (IV) (5), three new glycosides designated coumestoside A (1), coumestoside B (2) and erythrodiside A (3). Their structures were established by chemical and spectroscopic means as 9-O-β-D-glucopyranosyl-4-hydroxycoumestrol, 9-O-α-Lrhamnopyranosyl-4-hydroxycoumestrol and 3-O-α-L-rhamnopyranosylerythrodiol-28-O-β-D-galactopyranoside, respectively.
We have recently evaluated the biological activities of the stem bark of Cylicodiscus gabunensis (Mimosaceae) [1] [2] [3] , a large tree with a cylindrical trunk, known for its antiplasmodial activity [4] , and commonly called Denya (Ghana), Edum (Gabon), Adoum, Bokoka (Cameroon), and Bouemon (Ivory Coast) [5] . Previous chemical studies have established that this species contains triterpenes and glycosides [6] [7] [8] , the latter being a class of compounds known for their biological effects [9] [10] [11] . The presence of glycosides in C. gabunensis has prompted our investigation of such compounds in this species and in this paper we report the isolation and structural elucidation of two known compounds and three new glycosides, designated coumestoside A (1), coumestoside B (2) , and erythrodiside A (3), from the ethyl acetate extract of the stem bark of C. gabunensis.
The ethyl acetate extract of the stem bark was separated on silica gel and the fractions were further purified on the same phase support to afford compounds 4 and 5, which were found to be erythrodiol and sojagol (IV), respectively (see experimental). The residue of the methanol extract obtained after successive extraction with n-hexane and ethyl acetate was chromatographed on Sephadex LH 20 to yield compounds 1, 2 and 3. 11 was deduced by HRMS. The IR spectrum of 1, which resembled those of coumestans, exhibited an OHband at 3450-3200 cm -1 , a lactone carbonyl band at 1710 cm -1 , a band at 805 cm -1 attributable to an out of plane deformation vibration for two adjacent aromatic protons and, at 1255 cm -1 , a band due to an aryl ether [12, 13] . Acetylation of 1 with acetic anhydride in pyridine yielded a hexa-acetate derivative (7) with a molecular formula of C 33 H 30 O 17 , deduced from analysis of the exact mass at m/z = 698.14832 (calcd for C 33 H 30 O 17 : 698.14830) This indicated that 1 had six hydroxyl groups. The presence of a significant ion fragment at m/z = 162 in the mass spectrum, as well as a series of signals (δ 3.22-4.50) in the 1 H NMR spectrum ( Table 2) , which was otherwise almost identical to that of 4-hydroxycoumestrol (6), suggested the presence of a glucosyl moiety in 1 [13, 14] .
Acid hydrolysis of 1 with 2N HCl yielded a sugar component and an aglycone. The latter was identified as 4-hydroxycoumestrol (6) by comparison of its physical and spectroscopic data with those of an authentic sample, while the glycone was identified by GLC analysis of its TMS derivative as D-glucose. The molecular formula of 1, as well as the presence of one anomeric carbon at δ 101.5 in the 13 C NMR spectrum, suggested its monoglycosidic nature. The value of the coupling constant (J = 7.5 Hz) of the anomeric proton at δ 4.33 in the 1 H NMR spectrum indicated the β configuration of the D-glucopyranosyl moiety [15] . Comparison of the 1 H NMR spectrum of 1 with that of 7 revealed a downfield shift of 1-2.45 ppm for all the protons except for H-1, H-7, H-8, H-10, H-1' and H-5'. Since these shifts on acetylation, indicated that the proton in the natural product was ortho or geminal to a hydroxyl group [16] , the C-9 hydroxyl group of the 4-hydroxycoumestrol moiety was bound to the glucose residue through a glycosidic linkage. This was supported by comparison of the 13 C NMR data of compound 1 with those of 4-hydroxycoumestrol (Table1). On the basis of the above evidence, the structure of coumestoside A was elucidated to be
, was isolated as white needles from CH 2 Cl 2 . The compound was found to be a coumestan glycoside similar to 1 from its colour reactions with iron (III) chloride, as well as from its IR , I H NMR, 13 C NMR, and DEPT spectral data. Peracetylation of 2, in the same way as for 1, yielded a penta-acetate derivative (8) Acid hydrolysis of 2, under the same conditions as described above for 1, afforded 4-hydroxylcoumestrol (6), together with a sugar component identified by GLC analysis of its TMS derivative as L-rhamnose. As for 1, the molecular formula of 2, C 21 H 18 O 10, as well as the presence of one anomeric carbon in its 13 C NMR spectrum at δ 100.1 suggested its monoglycosidic nature. The value of the coupling constant (J = 2.0 Hz) of the anomeric proton at δ 4.25 in the 1 H NMR spectrum indicated the αconfiguration of the L-rhamnopyranosyl moiety [16] .
Comparison of the 1 H NMR spectrum of 2 with that of its peracetylated derivative (8) , and comparison of the 13 C NMR data of 2 (Table 2) with (Table 3 ) and 1 H NMR spectral data (see Experimental) suggested that erythrodiside A was an olean-12-ene glycoside [17] . The low resolution FAB-MS of 3 showed, besides the molecular ion peak at m/z = 750, diagnostically prominent peaks at m/z 354 and 396, from the retro Diels-Alder's fragmentation, suggesting that in 3 the galactose residue was on either ring D or E and the rhamnose residue on either ring A or B. Furthermore, in the 13 C NMR spectrum, the shift values for the carbons of the aglycone residue were in agreement with the corresponding data of erythrodiol, except for the C-28 and C-3 signals, which were significantly downfield, indicating that the C-28 and C-3 hydroxyl groups of erythrodiol were bound to a sugar through glycosidic linkages [18] . On the basis of the above evidence, the structure of erythrodiside A (3) was elucidated to be 3-O-α-L-rhamnopyranosyl erythrodiol-28-O-β-D-galactopyranoside.
Experimental
General: All mps were determined on a Kofler hot stage apparatus and are uncorrected. Optical rotations were measured on a Perkin-Elmer 241 polarimeter at room temperature. FABMS were obtained from a Kratos MS 25 spectrometer with a DS-55 data system, and a JEOL JMS-DX 303 mass spectrometer, with the collision gas Xe (ion gun conditions 6 KV and 10mA and matrix glycerol or thioglycerol). IR spectra were prepared on a Nicolet 20 DBX spectrophotometer. Sephadex LH 20, Si gel GF 254 (Merck) and Si gel 60 (70-230 mesh ASTM) (Merck) were used for the CC and TLC, respectively. All NMR experiments were performed on a Nicolet NT 300wB or 300 Bruker spectrometer equipped with a 5 mm 1 H and 13 C probe operating at 300.06 and 75.45 MHz, respectively. Samples were prepared in either DMSO-d 6 or CDCl 3 and chemical shifts, expressed in δ (ppm), were referenced to internal TMS (δ 0.0) for 1 H NMR spectra and to deuterated solvent (DMSO-d 6 ) for 13 C NMR spectra.
Plant material:
Cylicodiscus gabunensis (Mimosaceae) stem bark was collected at Yaounde, Cameroon, in May 2002. The plant was identified at the National Herbarium, Yaounde, where a reference sample is deposited.
Extraction and isolation of compounds:
The ground stem bark of C. gabunensis (Mimosaceae) (5.4 Kg) was immersed in MeOH (25 L) and kept for 72 h. The MeOH extract (340 g), after concentration under reduced pressure, was successively extracted with n-hexane (5 x 500 mL) and ethyl acetate (5 x 500 mL) to give 35 g and 180 g of extract, respectively and 102 g of residue. A 95 g portion of the ethyl acetate extract was subjected to column chromatography on silica gel (400 g) using an eluent of n-hexane -ethyl acetate -methanol of increasing polarity. A total of 212 fractions of 250 mL each were collected and combined on the basis of TLC results. Fractions 92-121 (11 g) were again chromatographed on silica gel (100 g) using an eluent of n-hexane -ethyl acetate -MeOH in increasing polarity. From a total of 110 fractions, each of 50 mL, fractions 27-70 were combined, based on TLC evidence, and further purified by preparative TLC, using MeOH/CHCl 3 /cyclohexane (1.5/5/3.5) to give compounds 4 (90 mg) and 5 (14 mg) . A 60 g portion of the residue of the methanol extract obtained after successive extraction with n-hexane and ethyl acetate was subjected to CC on Sephadex LH20 (250 g) using methanol as eluent. Sixty fractions, each of 250 mL, were collected and combined on the basis of TLC evidence. Fractions 17-23 (10.5 g) were again chromatographed in the same manner as described for the residue. From a total of 61 fractions, each of 50 mL, fractions 14-20 (620 mg) were further purified, using preparative TLC and MeOH/CHCl 3 /H 2 O (5/4.5/0.5) as the development solvent, to give compounds 1 (34 mg) and 2 (32.5 mg), whereas fraction 23 was purified in the same manner as fractions 14-20 to give compound 3 (15 mg ).
Coumestoside A (1)
MP: 275-276°C.
[α] 22 D : -31° (c 0.11, MeOH). IR (KBr): 3450-3200, 1710, 1600, 1255, 805 cm -1 . 1 H NMR: Table 2 . 13 
Acid hydrolysis of coumestosides A and B:
The samples (10 mg and 15 mg, respectively) were dissolved in 2N HCl and refluxed on a water bath for 4 h. Each reaction mixture was extracted with 18 mL H 2 O to yield an aqueous solution and a residue that was purified by prep. TLC using silica gel and MeOH/CH 2 Cl 2 (1:9) as development solvent to give green crystals of 4-hydroxycoumestrol [13] .
